SPECIFICATION 

TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT WE , Fumio Futami, a citizen 
of Japan residing at Kawasaki, Japan and Shigeki Watanabe , 
a citizen of Japan residing at Kawasaki, Japan have 
invented certain new and useful improvements in 

METHOD OF AND APPARATUS FOR PROVIDING 
MULTI-WAVELENGTH LIGHT SOURCE 



Of which the following is a specification:- 



TITLE OF THE INVENTION 

METHOD OF AND APPARATUS FOR PROVIDING 
MULT I -WAVELENGTH LIGHT SOURCE 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to 
a method of and an apparatus for providing a 
multi-wavelength light source, and particularly 
relates to a method of and an apparatus for 
providing a multi-wavelength light source in 
which a light source comprising a number of 
wavelengths arranged at equal frequency spacings 
is produced. 

2. Description of the Related Art 
Ever since a Wavelength Division 

Multiplexing (WDM) . system has been put to 
practical use, a trend towards a larger 
transmission capacity has been continuing. 

Presentations on a system using 
hundreds of monochromatic light sources which 
would exceed 1 Terabit/sec in total capacity at 
a transmission bit rate of between 10 and 40 
Gigabits/sec per wavelength are being actively 
carried out. 

According to the specifications by the 
ITU-T recommendations, wavelengths of an optical 
signal in an optical communications system are 
to be arranged at 50 or 100 GHz spacings based 
on 193.1 THz. Therefore, the wavelengths must 
be controlled precisely so as to oscillate 
within the grid as specified therein. 

As illustrated in FIG.l, a multi- 
wavelength light source which has been used 
most generally up to now, includes monochromatic 
lasers 10-1 through 10-n. Herein, n is an 
integer. The respective monochromatic lasers may, 



for example, be distributed feedback lasers, etc. 
Such composition necessitates providing hundreds 
of lasers in a large-capacity communications 
system using hundreds of wavelengths so as to 
make an increase in the size of the multi- 
wavelength light source apparatus and an 
increase in the amount of electric power 
consumption inevitable. Also, in order to manage 
the absolute wavelengths, one of the monitoring 
and control circuits 12-1 through 12-n which 
monitor the output wavelengths so as to 
compensate for an offset from the grid must be 
arranged per laser. 

As illustrated in FIG. 2, as another 
method of implementing a multi-wavelength light 
source in a simple composition, there is a 
method of implementing a multi-wavelength light 
source by demultiplexing at the wavelength 
demultiplexer 16 a longitudinal component 
produced by the modulation from a modulated 
light output at the optical pulse source 14 
which is modulated at a repetition frequency of 
f 0 (refer to the Non-Patent Document 1, for 
example ) . 

The electric field E 0 of a lightwave 
pulse train with a repetition frequency of 
fo(Hz) is represented by the equation (1). 
Herein, t is the time, g() is a function, and 
n is an integer. 

E o(t) =J] g(t +n*l/jf 0 ) ...(1) 

n 

The optical spectrum P 0 may be obtained 
by a Fourier transform and is shown by 
the equation (2). 

P 0 (f) = (2 n /T 0 2 ) |g(2 n f ) \ 2 Z 5(f-nf 0 ) ...(2), where 

n 

g( ) is a Fourier transform of g( ). 



As it may be understood from the 
mathematical equation (2), the wavelength domain 
includes longitudinal components of f 0 (Hz). 
Extracting these longitudinal components with a 
5 narrowband filter enables the producing of a 
number of monochromatic light sources f the 
number corresponding to only the number of 
longitudinal components . 

This method includes an aspect to 
10 enable the implementation of a plurality of 
monochromatic light sources from a (pumping) 
light source so as to allow a simple 
implementation of a light source composition. 
Also, as the spacings between the longitudinal 
15 components correspond to the modulating frequency, 
managing the modulating frequency with high 
precision enables the leaving out of the 
monitoring and control of individual wavelengths. 

Besides, as a technology to demultiplex 
20 a number of wavelengths all together, there is, 
for example, one which is described in the 
Patent Document 1 . 

Non-Patent Document 1 

Optical fiber communication 2001, ME-2, 
25 Anaheim, CA, March 17-22. 

Patent Document 1 
JP8-195732A 
Patent Document 2 
JP2002-77052A 
30 As described above, although it is 

possible to extract longitudinal components of 
an optical spectrum with a narrowband filter, 
as the longitudinal components are produced by 
electrical modulation in the related art as 
35 illustrated in Fig. 2, their spacings are limited 
by the electronic operating speed. Thus there 
exists a problem in that producing a 



longitudinal component which exceeds 40 GHz, a 
frequency generally known as the limit of 
electronic operations, is difficult. 

5 SUMMARY OF THE INVENTION 

It is a general object of the present 
invention to provide a method of and an 
apparatus for providing a multi-wavelength light 
source that substantially obviate one or more 

10 problems caused by the limitations and 
disadvantages of the related art. 

In view of the above points, it is a 
more particular object of the present invention 
to provide a method of and an apparatus for 

15 providing a multi-wavelength light source having 
a simple configuration which enables the 
obtaining of a plurality of monochromatic light 
sources and to provide a multi-wavelength 
light source with equal frequency spacings 

20 between the wavelengths, said frequency spacing 
exceeding the frequency limit of electronic 
modulation . 

According to the invention, a method 
of providing a multi-wavelength light source 

25 includes the steps of modulating an optical 
pulse source so as to output optical pulses 
with a designated repetition frequency, time- 
division multiplexing the optical pulses output 
by said optical pulse source so as to output 

30 optical pulses with a repetition frequency which 
is an integral multiple of said designated 
repetition frequency, and demultiplexing 

wavelengths of the optical pulses with the 
repetition frequency which is the integral 

35 multiple of said designated repetition frequency 
so as to output said wavelengths as the multi- 
wavelength light source. 
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The method of providing a multi- 
wavelength light source as described above 
enables the obtaining of a plurality of 
monochromatic light sources and the providing of 
5 a multi-wavelength light source with equal 

frequency spacings between the wavelengths, said 
frequency spacing exceeding the frequency limit 
of electronic modulation. 

According to another aspect of the 

10 invention, an apparatus for providing a multi- 
wavelength light source includes an optical 
pulse source which is modulated so as to output 
optical pulses with a designated repetition 
frequency, a time-division multiplexing unit 

15 which time-division multiplexes the optical 

pulses output by said optical pulse source so 
as to output optical pulses with a repetition 
frequency which is an integral multiple of said 
designated repetition frequency, and a wavelength 

20 demultiplexing unit which demultiplexes 

wavelengths of the optical pulses with the 
repetition frequency which is the integral 
multiple of said designated repetition frequency 
so as to output said wavelengths as the 

25 multi-wavelength light source. 

The apparatus for providing a multi- 
wavelength light source as described above 
enables the obtaining of a plurality of 
monochromatic light sources and the providing of 

30 a multi-wavelength light source with equal 

frequency spacings between the wavelengths, said 
frequency spacing exceeding the frequency limit 
of electronic modulation. 

Other objects and further features of 

35 the present invention will be apparent from the 
following detailed description when read in 
conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an exampl 
of a related-art multi-wavelength light source; 

FIG. 2 is a block diagram of another 
example of a related-art multi-wavelength light 
source; 

FIG. 3 is a block diagram of a first 
embodiment of the multi-wavelength light source 
according to the invention; 

FIG. 4 is a block diagram of an 
embodiment of a Mach-Zehnder-interf erometer-type 
time-division multiplexing apparatus; 

FIG. 5 is a block diagram of a 
variation of a Mach-Zehnder-interf erometer-type 
time-division multiplexing apparatus ; 

FIG. 6 is a block diagram of an 
embodiment of a Michelson-interf erometer-type 
time -division multiplexing apparatus ; 

FIG. 7 is a block diagram of an 
embodiment of a time-division multiplexing 
apparatus using a planar lightwave circuit; 

FIG. 8 is a block diagram of a second 
embodiment of the multi-wavelength light source 
according to the invention; and 

FIG. 9 is a block diagram of a third 
embodiment of the multi-wavelength light source 
according to the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
In the following, embodiments of the 
present invention are described with reference 
to the accompanying drawings. 

FIG. 3 illustrates a block diagram of 
first embodiment of the multi-wavelength light 
source according to the invention. In FIG. 3, 
the optical pulse source 20 is modulated by a 
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signal with the frequency f 0 (Hz) which is 
received from the synthesizer 22 so as to 
produce an optical pulse with a repetition 
frequency of f 0 (Hz). Hereupon, in general, f 0 (Hz) 
5 is around 10 to 40 GHz. Also, as an optical 
pulse source 20, a semiconductor mode-locking 
laser, a fiber ring laser, a semiconductor ring 
laser, and an electroabsorption modulator, etc., 
may be used. As may be evident from the 

10 equation (2), observing the wavelength domain, a 
frequency spacing of the optical pulse train is 
fo(Hz). This pulse train is led into the time- 
division multiplexing apparatus 24 in which the 
repetition frequency is multiplied by N to the 

15 extent that crosstalk between neighboring pulses 
is not produced. The frequency component of the 
optical pulse output from the time-division 
multiplexing apparatus 24 would be f 0 (Hz) 
multiplied by N. Then, when the repetition 

20 frequency is multiplied by N, as evident from 
the equation ( 2 ) , the frequency spacing of the 
longitudinal component is multiplied by N. 

When the longitudinal component of this 
frequency spacing f 0 (Hz) multiplied by N is 

25 demultiplexed by the wavelength demultiplexer 26 
having a multi-peak structure with a 
transmission center frequency spacing of f 0 (Hz) 
multiplied by N, a multi-wavelength light source 
with a frequency spacing of f 0 (Hz) multiplied by 

30 N can be implemented. As a wavelength 

demultiplexer 26, an Arrayed Waveguide Grating 
(AWG) filter and an interleaver, etc., may be 
used . 

A requirement for the time-division 
35 multiplexing apparatus 24 is to multiply the 

repetition frequency of the optical pulse train 
by a fixed multiplier, provided that the 
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polarization state, the intensity, the spacing 
between neighboring pulses, etc., after said 
multiplying are kept equal. 

As a time-division multiplexing 
5 apparatus which fulfills this requirement, there 
is a Mach-Zehnder-interf erometer-type time- 
division multiplexing apparatus. FIG. 4 
illustrates a block diagram of an embodiment of 
a Mach-Zehnder-interf erometer-type time -division 

10 multiplexing apparatus. In FIG. 4, the optical 
pulse train with a repetition frequency f 0 (Hz) 
passes through the polarization controller 30 so 
as to branch into two paths at the optical 
coupler 32. In FIG. 4, a variable optical 

15 attenuator 34 and an optical delay unit 36 are 
respectively arranged along the two different 
respective paths, but both of them may be 
arranged along a single path only out of the 
two paths. 

20 In the variable optical delay unit 36, 

the time difference between the two paths is 
adjusted to 1/ (2*f 0 ) (sec) so that the repetition 
frequency of the optical pulse train output 
from the optical coupler for multiplexing is 

25 doubled. The variable optical delay unit 36 

with, for example, a delay circuit in which a 
micrometer 37 and a corner cube 38 are combined, 
fine-tunes the optical path lengths at the 
micrometer 37 so as to enable controlling of 

30 the delay distance of the. optical pulse train. 

Furthermore, the pulse intensity is 
adjusted at the variable optical attenuator 34 
so as to make the intensities of the two 
optical pulse trains which propagate through the 

35 different paths equal after multiplexing at the 
optical coupler 40. In this case, any of the 
optical components 32 through 40 beyond the 
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polarization controller 30 is composed with 
polarization-preserving components and the 
polarization controller at the end of the 
incidence is adjusted so that the state of 
polarization of the optical pulse train after 
multiplexing will be the single-polarization 
state . 

As a matter of course, if the optical 
components beyond the output of the optical 
pulse source 20 are composed of polarization- 
preserving components, there is no need for the 
polarization controller 30. Furthermore, using 
the micrometer 37, the delay time can be 
controlled in an order of magnitude of a femto- 
second, which in a common light source allowing 
a few percentage points of deviation for the 
absolute wavelength, enables controlling with 
sufficiently high precision. 

By this set of operations, the 
repetition frequency can be made to twice the 
f 0 (Hz). Furthermore, by sequentially repeating 
the same procedure, an optical pulse train with 
a repetition frequency which is multiplied by 2 
to the nth power may be obtained. 

Moreover, as illustrated in the 
variation of FIG. 5, an optical pulse train 
with a repetitive frequency f 0 (Hz) passes 
through the polarization controller 41 and then 
branches to 3 paths at the optical coupler 42. 
The variable optical attenuators 43 and 44, and 
the variable optical delay units 45 and 46 are 
provided to adjust the time difference among 
the respective paths to be ± l/(3*(f 0 )) (sec) 
so as to make the intensities and the 
polarization states of the three optical pulse 
trains which propagate through the paths equal 
after multiplexing by the optical coupler 47. 
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Hereby, multiplexing by the optical coupler 47 
the pulse trains which pass through the three 
paths enables the obtaining of an optical pulse 
train with a repetition frequency of 3*f 0 (Hz). 
5 FIG. 6 illustrates a block diagram of 

an embodiment of a Michelson-interf erometer- type 
time-division multiplexing apparatus. In FIG. 6, 
an optical pulse train with a repetition 
frequency of f 0 (Hz) incident upon the input port 

10 50 is branched into two at the half mirror 51. 
One optical pulse train which is reflected by 
the half mirror 51 is reflected by the variable 
optical delay unit 52, passes through the half 
mirror 51 so as to output from the output port 

15 55. 

Furthermore, the other optical pulse 
train incident upon the input port 50 passes 
through the half mirror 51 so as to pass 
through the variable optical attenuator 53, is 

20 reflected by the mirror 54 so as to again pass 
through the variable optical attenuator 53, and 
is reflected by the half mirror 51 so as to 
be output at the output port 55. 

Hereupon also, while the time 

25 difference between the respective paths is 

adjusted to be 1/ ( 2* ( f o) ) ( sec) , the intensities 
of the two optical pulse trains which propagate 
through the different paths are adjusted at the 
variable optical attenuator 53 so as to make 

30 them equal at the output port 55. Hereby, 
obtaining an optical pulse train with a 
repetition frequency of 2*(f 0 )(Hz) at the output 
port 55 is enabled. 

FIG. 7 illustrates a block diagram of 

35 an embodiment of a time-division multiplexing 

apparatus using a planar lightwave circuit. In 
FIG. 7, the planar lightwave circuit (PLC) 60 is 
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arranged with an input optical waveguide 61 and 
optical waveguides 62,63 and an output optical 
waveguide 64. The input optical waveguide 61 
branches into the optical waveguides 62, 63 and 
5 the ends of the respective optical waveguides 
62, 63 are coupled into the output optical 
waveguide 64 . 

The optical path length of the optical 
waveguide 63 is set so that the time difference 

10 relative to the optical waveguide 62 would be 1/ 
(2*f 0 ) (sec) and also so that the respective 
optical waveguides 62 and 63 are set to have 
equal amounts of optical attenuation. Hereby, 
outputting an optical pulse train with a 

15 repetition frequency of 2*f 0 (Hz) from an output 
optical waveguide is enabled. 

Besides, arranging a time-division 
multiplexing apparatus 24 using the planar 
lightwave circuit (PLC) as described above and 

20 an AWG which composes the wavelength 

demultiplexer 26 on a single board of silicon 
or silica enables the implementation of a more 
stable multi-wavelength light source. 

Incidentally, the number of wavelengths 

25 in the multi-wavelength light source which can 
be implemented with the basic composition of 
the invention as illustrated in FIG. 3, is 
determined uniquely by the spectrum bandwidth of 
the optical pulse train output from a laser as 

30 the optical pulse source 20. In other words, 
the narrower the pulse width, the larger the 
spectrum bandwidth so that producing a large 
number of light sources is enabled. 

As a means for securing a larger 

35 number of wavelengths simultaneously, there is a 
method of using a spectrum-broadening technology. 
FIG. 8 illustrates a block diagram of a second 
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embodiment of the multi-wavelength light source 
according to the invention. In FIG. 8, the same 
reference letters are attached to the parts 
which are the same as in FIG. 3. 
5 In FIG. 8, the optical pulse source 20 

is modulated by a signal with a frequency of 
fo(Hz) which is received from the synthesizer 22 
so as to produce an optical pulse with a 
repetition frequency of f 0 (Hz). This pulse train 
10 is led into the time-division multiplexing 

apparatus 24 so as to multiply the repetition 
frequency by N. 

The spectrum of the optical pulse 
train which is made to have a desired frequency 
15 spacing by the time-division multiplexing 

apparatus 24 is broadened at the spectrum- 
broadening apparatus 70. The spectrum-broadening 
apparatus 70 which is previously proposed in 
the Patent Document 2, etc., by the applicant of 
20 the present invention comprises a non-linear 

medium having a third-order non-linear effect in 
which the spectrum is broadened by the non- 
linear effect so that the spectral bandwidth of 
the optical pulse is multiplied. As a non- 
25 linear medium, a fiber enhanced with non- 
linearity such as a highly non-linear fiber, a 
holey fiber and a photonic crystal fiber, are 
useful . 

The optical pulse output by the 
30 spectrum-broadening apparatus 70 with a 

repetition frequency of N*f 0 (Hz) and a spectral 
bandwidth multiplied by M is demultiplexed in 
wavelength and output by the wavelength 
demultiplexer 72 having a multi-peak structure 
35 with a transmission center frequency spacing of 
N*f 0 (Hz) . 

FIG. 9 is a block diagram of a third 
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embodiment of the multi-wavelength light source 
according to the invention. The difference of 
this embodiment relative to the second 
embodiment is that the sequence of the time- 
5 division multiplexing apparatus 24 and the 
spectrum-broadening apparatus 70 has been 
reversed. Even in the case of arranging 
according to the sequence as illustrated in FIG. 
9, a multi-wavelength light source with large 

10 and also equal frequency spacings can be 
implemented in a similar manner. 

As described in the above, the multi- 
wavelength light source according to the 
invention enables the providing of a multi- 

15 wavelength light source with equal frequency 

spacings, said frequency exceeding the frequency 
limit for electronic modulation. 

Further, the present invention is not 
limited to these embodiments, but various 

20 variations and modifications may be made without 
departing from the scope of the present 
invention . 

The present application is based on 
Japanese Priority Patent Application No. 2003- 
25 068631 filed March 13, 2003, with the Japanese 

Patent Office, the entire contents of which are 
hereby incorporated by reference. 
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